Twenty one babies of 34-41 weeks' gestational age with birth asphyxia (5 minute Apgar score 65 or umbilical artery pH 67-2) were studied during the first two days of life to find out whether the urinary excretion of tubular markers of renal function is of value in the early diagnosis of acute renal failure. Urinary retinol binding protein, myoglobin, and N-acetyl-,3-D-glucosaminidase (NAG), expressed as a ratio with urinary creatinine, were measured and excretion profiles repeated at 3-6 days in 15 infants and at 7-14 days in 11 infants. Plasma creatinine concentration, creatinine clearance, plasma myoglobin concentration, and fractional sodium excretion were measured where possible in asphyxiated infants. Control data were obtained from 50 healthy infants: 28 gave urine samples alone, 17 urine and blood, and five blood alone. Normal urinary values were derived from 17, 25, and three infants, respectively, for the three time periods.
N-acetyl-,3-D-glucosaminidase (NAG), expressed as a ratio with urinary creatinine, were measured and excretion profiles repeated at 3-6 days in 15 infants and at 7-14 days in 11 infants. Plasma creatinine concentration, creatinine clearance, plasma myoglobin concentration, and fractional sodium excretion were measured where possible in asphyxiated infants. Control data were obtained from 50 healthy infants: 28 gave urine samples alone, 17 urine and blood, and five blood alone.
Normal urinary values were derived from 17, 25, and three infants, respectively, for the three time periods. The number of control samples was limited for ethical reasons.
Four asphyxiated infants had acute renal failure (group 1), four had tubular dysfunction without glomerular disturbance (group 2) and 13 had normal renal function (group 3). Group 1 were clearly identified by greatly increased urinary retinol binding protein (>27 000 ,ug/mmol creatinine) and myoglobin (>1500 pg/mmol creatinine) excretion measured in the first two days of life. In control infants the range of excretion of retinol binding protein within the same time period was 3 to 967 pg/mmol creatinine and urinary myoglobin was undetectable. Excretion of NAG failed to discriminate between groups 1 and 2. Acute renal failure occurred only in infants who had heavy myoglobinaemia. Tubular dysfunction in group 2 was transient and not accompanied by plasma electrolyte disturbances.
We conclude that measurement of urinary excretion of retinol binding protein or myoglobin after birth is helpful in the early diagnosis of acute renal failure.
Acute renal failure is a recognised complication of birth asphyxia; it carries a poor immediate prognosis and may result in permanent renal damage in up to 40% of survivors. " The recent reports of increased urinary excretion of P2-microglobulin in infants with evidence of intrauterine fetal distress (meconium stained liquor) by Cole et al, and in sick infants by Tack et al, led these authors to suggest that subclinical, hypoxic, renal damage may be a relatively common, underdiagnosed finding. 7 8 The early recognition of acute renal failure is particularly important in asphyxiated infants with hypoxic encephalopathy, in whom a stable biochemical milieu is vital, because it facilitates the administration of appropriate fluid and electrolyte replacement. The diagnosis is frequently difficult to make, however, because many of the clinical and biochemical findings that are helpful in establishing the diagnosis of acute renal failure in adults and children are unreliable in neonates. The presence or absence of oliguria may be misleading as 7% of healthy babies fail to pass urine until the second day of life,9 and non-oliguric acute renal failure has been reported in neonates. The plasma creatinine concentration on day 1 is a poor guide to an infant's renal function, because it mainly reflects the maternal creatinine concentration.11 12 A further difficulty in the interpretation of the plasma creatinine concentration is that the methods of measurement in common use (modifications of the colorimetric Jaffe reaction) are subject to errors from interfering chromogens such as bilirubin and pyruvate,'3 substances that are likely to be present in increased concentrations in the blood of sick infants. The value of indexes such as the urine:plasma concentration ratio of sodium, creatinine, and urea are limited by the overlap that exists between infants with functional (prerenal) failure, and those with intrinsic renal failure. 1416
The fractional excretion of sodium or renal failure index may be of diagnostic value, but both need to be interpreted with caution in the preterm,17 and in infants who have been given a saline challenge or treated with diuretics or aminophylline.
Myoglobinuria is a cause of renal failure in adults,'8 and a strong correlation between the duration of postnatal oliguria and the severity of myoglobinaemia has been reported in asphyxiated infants.'9 The presence of myoglobinuria may therefore be a useful indicator of acute renal failure .20 This study was designed to investigate the value of measurements of the excretion of retinol binding protein, myoglobin, and Nacetyl-,B-D-glucosaminidase (NAG) during the first two days of life as predictors of clinically important acute renal failure after birth asphyxia, and to follow the excretion profiles into the second week of life.
Patients and methods Twenty one infants who had had an episode of birth asphyxia, defined as a 5 minute Apgar score of 5 or below, or an umbilical artery pH of 7-2 or below at delivery, were studied in the neonatal units of these hospitals. The study was approved by the ethics committees of both hospitals and parental consent was obtained in all cases. Infants were managed according to the standard protocols used in the two units, no modifications being made as a result of participation in the study.
Causes of birth asphyxia included severe shoulder dystocia, intrapartum cord traction, and haemorrhage. Sepsis was implicated in the cause in only one infant, delivered in poor condition at 36 weeks, whose cultures yielded Listeria monocytogenes after 48 hours' incubation.
All infants were of 34 weeks' gestational age or above. This lower limit was chosen because nephronogenesis is complete by this time and comparisons are not usually complicated by developmentally determined differences in renal function.2' Gestational age was assessed from the menstrual history, ultrasonography, or by the clinical criteria of Dubowitz et al.22 Wherever possible, infants were studied on several occasions during the first two weeks of life and results grouped into three postnatal time periods: 1-2 days, 3-6 days, and 7-14 Glomerular function was estimated by the plasma creatinine concentration and endogenous creatinine clearance (calculated as urine creatinine concentrationxurine flow rate (ml/min)/ plasma creatinine concentration). Tubular performance was assessed by the urinary concentrations of retinol binding protein, NAG, and myoglobin, divided by the urinary creatinine concentration. Fractional excretion of sodium (calculated as the urine:plasma sodium ratio/ urine:plasma creatinine ratio) was also measured, and results are reported when diuretics were not administered.
Sodium was estimated in plasma and urine by flame photometry. Creatinine was measured in plasma by high performance liquid chromatography with cation exchange (HPLC),26 and in urine by an automated, reaction rate version of the Jaffe reaction.27 Retinol binding protein and myoglobin were measured in urine by enzyme linked immunosorbent assays (ELISA) using rabbit antisera (Dako Ltd).28 (Retinol binding protein ELISA: P Tomlinson, personal communication, myoglobin ELISA: D Roberts, unpublished observations). Myoglobin in plasma was also estimated by ELISA. The limit of detection for both assays was 2 [tg/l. NAG When several estimations were made in any infant for each study period, the arithmetic mean was calculated and used in further analyses.
Grouped results are presented in the figures as individual data points and in the tables as geometric means and ranges.
Results Table 2 shows the clinical data of the study infants on days 1-2. There were no significant differences in gestational age or birth weight between the asphyxiated infants and controls. Four We identified three groups of asphyxiated infants according to their urinary retinol binding protein:creatinine ratio. The four infants with acute renal failure had the highest excretion (range 27 759-81 112 pg/mmol creatinine) and there was clear discrimination between these infants and the others. In turn, infants in group 2 (3721-15 243) were clearly differentiated from those in group 3 . Infants with acute renal failure also had the heaviest myoglobinuria (range 1526-13 195 [ig/mmol creatinine) and, as with retinol binding protein, were sharply distinguished from the others. Those in group 2 had detectable, but lesser, degrees of myoglobinuria (0 4-430). Gross pigmenturia, giving a brown colour to the urine, was seen in all infants in group 1, and in the infant from group 2 who had the highest myoglobin concentration of that group. In three infants from group 3 myoglobin was detected in the urine, but the values were at the limit of detection. Our results are in agreement with those of Kojima et al. 20 Tubular dysfunction was confirmed by the fractional excretion ofsodium, which was grossly abnormal in group 1 (mean 31 9%) mildly increased in group 2 (1-7%), and normal in group 3 (0-3%). That in control infants was below 1% and in sodium balance studies the fractional excretion of sodium in healthy infants of similar gestational age with a sodium intake of s,2-5 mmol/kg/day has been reported to be normally less than 1%.17 NAG is a lysosomal enzyme of a molecular weight that precludes its filtration at the glomerulus, it is also rapidly cleared from the circulation by the liver so that increased urinary excretion is a consequence of intrinsic renal damage.37 NAG excretion was considerably increased in infants with acute renal failure (range 1135-13 484 [tmol substrate/hour/mmol creatinine) and in infants with tubular dysfunction and no glomerular disturbance (692-7736). This presumably reflects a similar initial degree of tubular cell damage in the two groups. NAG is clearly a sensitive measure of tubular damage, but not specific enough to discriminate the infants with acute renal failure.
In the infants who were studied serially, All infants in group 1 were oliguric in the first two days of life with urinary flow rates of less than 1 ml/kg/hour. One infant from group 3 had a reduced urine output, the remainder had flow rates in excess of 1 ml/kg/hour.
Severe muscle damage associated with subsequent renal failure is well documented in adults,'8 and the same phenomenon probably occurs in neonates.43 Birth asphyxia is associated with myoglobinaemia in the first few days of life, the severity of which is-in turn-related to the duration of postnatal oliguria.'9 Plasma myoglobin concentrations, measured in the first 2 days of life in our asphyxiated infants, ranged from 21 to 7625 ,tg/l. The infants with acute renal failure had the highest concentrations, and the infant who required dialysis had the highest of all. These concentrations are in the presence of acute renal failure are considered,46 the plasma creatinine concentrations in our infants represent an extremely rapid rise. Such a rise has been reported in myoglobinuric renal failure in adults, and is the result of the release of large quantities of intracellular creatine from damaged muscle. 47 Our results show that an asphyxial insult may be associated with tubular dysfunction, but that acute renal failure supervenes only in the presence of high plasma concentrations of myoglobin: the exaggerated rise in plasma creatinine in our infants, coupled with the heavy myoglobinaemia and myoglobinuria, suggests that these infants had rhabdomyolysis induced renal failure.
Our identification of infants with no glomerular disturbance but with detectable tubular dysfunction confirms previous reports, although this was a less common occurrence in our study (19%) than in others.7 8 Plasma myoglobin concentrations in these infants were lower than in those with acute renal failure, evidence that they sustained less severe asphyxial damage. These infants undoubtedly have a degree of tubular dysfunction that is clinically unsuspected but which can be shown with sensitive tests. The higher mean fractional excretion of sodium in this group of infants has implications for electrolyte balance, although we found no significant differences in the plasma sodium and potassium concentrations between these infants and those without tubular dysfunction during the time periods 1-2 and 3-6 days (Wilcoxon rank sum test with correction factor).
In conclusion, 62% of the infants studied, who were over 34 weeks' gestational age and had had an episode of birth asphyxia, showed no apparent impairment of renal function, 19% had overt acute renal failure, and a further 19% had tubular dysfunction indicated by an increased excretion of tubular proteins, but without any associated glomerular disturbance. These figures do not represent the absolute incidence of renal damage in our units because the numbers presented here include infants not born in the hospital and exclude those who received treatment with aminoglycoside antibiotics.
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